The novel antimicrobial antibiotic against Pasteurella piscicida, tetrodecamycin (1) and weakly active dihydrotetrodecamycin (2) were isolated from the fermentation broth of Streptomyces nashvillensis MJ885-mF8. They were purified by adsorption on Diaion HP-20, silica gel column chromatography and crystallization.
The novel antimicrobial antibiotic against Pasteurella piscicida, tetrodecamycin (1) and weakly active dihydrotetrodecamycin (2) were isolated from the fermentation broth of Streptomyces nashvillensis MJ885-mF8. They were purified by adsorption on Diaion HP-20, silica gel column chromatography and crystallization.
The MICs of 1 were 6.25~12.5 /ig/liter and 1.56~6.25 /ig/ml against Gram-positive bacteria including methicillin-resistant Staphylococcus aureus (MRSA)and 12 strains of P. piscicida, respectively.
Pasteurella piscicida is well knownas the causative agent of pseudotuberculosis in cultured yellowtail, Seriola quinqueradiata^.
Pseudotuberculosis is a septicemia. Internally granulomatous-like deposits develop in the kidney and spleen and these deposits comprise many grayish-white bacterial colonies. This disease has become of considerable economicimportance, causing significant losses in farmed yellowtail in Japan. Prevention of this disease is therefore considered an important aspect for the successful culture of yellowtail. Various chemotherapeutic agents such as ampicillin, amoxicillin, florfenicol, chloramphenicol, bicozamycin, pyridonecarboxylic acids and tetracycline derivatives have been used to treat bacterial infections in cultured fish. The extensive use has led to an increase in drug resistant strains among fish pathogens, despite the great variety of therapeutic agents in current drug resistant strains amongpseudotuberculosis.
In the course of our screening program for novel antimicrobial antibiotics against P. piscicida, we have isolated new antibiotics, tetrodecamycin (1) and weakly active dihydrotetrodecamycin (2) from a culture broth of Streptomyces nashvillensis MJ885-mF8 ( Fig. 1) . A preliminary communication of this work has been reported2). In this paper, the details of taxonomy, fermentation, isolation, physico-chemical properties and biological properties of 1 and 2 are described. The structural elucidation study of 1 and 2 will be reported in another paper.3)
Materials and Methods

Microorganisms
Streptomyces zaomyceticus4\ IMC S-0663 (ISP 5196) and Streptomyces nashvillensis5>6) IMC S-0726 (ISP 53 14) were compared taxonomically with strain MJ885-mF8. Test strains of P. piscicida were supplied by Dr. Kusuda (Fish Disease Laboratory, Faculty of Agriculture, Kochi University). These strains were isolated from kidney and spleen of Seriola quinqueradiata.
Taxonomic Studies
Cultural and physiological characteristics were determined by the methods of Shirling and Gottlieb7) and by the method of Waksman8). Carbohydrate utilization was investigated by using the procedure of Pridham and Gottlieb9*. The substrate and aerial mass color including soluble pigments were assigned by the Color HarmonyManual, 1958 (Container Corporation of America, Chicago). Morphological characteristics were observed with a scanning electron microscope (Hitachi S-570). 2,6-Diaminopimelic acid in the cell wall was analyzed from the hydrolyzate of the culture growth according to the method of Becker et al.10\ Time Course of the Production The time course of antibiotic production was followed injar fermenter. A slant culture of the strain MJ885-mF8 
Measurement of Antimicrobial Activity
The minimum inhibitory concentrations (MIC) of tetrodecamycin and dihydro-tetrodecamycin were examined by serial agar dilution method using MuellerHinton agar (Difco) for an antibacterial test which was incubated at 37°C for 18 hours and the treble diluted Brain Heart Infusuin agar containing 2%NaCl for P. piscicida test which was incubated at 27°C for 18
hours.
Spectroscopic Methods
UVabsorption spectra were measured with a Hitachi U-3210 spectrophotometer. IR absorption spectra were obtained with a Hitachi 1-5020 FT-IR spectrometer. FAB-MSand HRFAB-MS were obtained on a Jeol 1105 JMS-SX102mass spectrometer. Optical rotations were taken by a Perkin-Elmer 241 polarimeter using a microcell (light path 10 cm). Melting points were determined in a YANACO apparatus, and are uncorrected.
Results
Taxonomic Studies The producing microorganism, strain MJ885-mF8, was isolated from a soil sample collected in Suginami-ku, Tokyo, Japan. The strain MJ885-mF8 has branched substrate mycelia. The aerial hyphae are straight. The spiral-formation, whirl-formation, sporangia, flagellated spores and fragmentation of substrate mycelia were not observed. Mature spore chains consisted of 30 or more cylindrical spores. The spores were 0.5~0.6x0.91 .2mm in size with rugose surfaces. The cultural characteristics of the strain MJ885-mF8 are summarized in Table 1 .
The physiological properties and the utilization of carbon sources were summarized in Table 2 .
Analysis of the whole-cell hydrolyzate of the strain showed the presence of LL-diaminopimelic acid. On the basis of morphological and chemical these characteristics, the strain MJ885-mF8 was found to belong to the genus Streptomyces. Among the known species of Streptomyces, S. zaomyceticus4) and S. nashvillensis5t6) were selected as similar to strain MJ885-mF8.The comparisons of these strains are summarized in Table 3 . The physiological properties of strain MJ885-mF8 were different from S. zaomyceticus in the color of aerial mycelium, soluble pigment and the utilization of l- (Tables 4 and 5) From the above results, the strain MJ885-mF8 is closely related to S. nashvillensis except for the utilization of ammoniumacetate, DL-threonine and DL-methionine. Therefore, it was designated as S. nashvillensis MJ885-mF8. The strain was deposited in the National The time course of the production of tetrodecamycin and dihydrotetrodecamycin is shown in Fig. 2 . The amountof tetrodecamycin reached maximum at 25 hours after fermentation and began to decrease drastically after 25 hours. On the other hand, dihydrotetrodecamycin was increased after 24 hours. This result was suggested that tetrodecamycin was converted to dihydrotetrodecamycin in the fermentation. 
Isolation
A diaion HP-20 (7 liters) was added to the fermentation broth (100 liters) with stirring. The mixture was stirred at room temperature for 30 minutes and stored for 15
minutes. The HP-20 resin was collected by nitration and washed with water (200 liters). The antibiotics were eluted with 80% aqueous MeOHfrom the resin. The eluate (15 liters) was concentrated under reduced pressure to a volume of about 4 liters, which was extracted with AcOEt (4 litersx2) and the organic layer was dried over Na2SO4. The extract was concentrated in vacuo obtaining an oily residue. The residue was applied on a were collected and concentrated under reduced pressure >100  >100  >100  >100  >100  >100  >100  >100  100  >100  >100  >100  >100  > 100  >100  >100  >100  >100  >100  >100  >100  >100  >100  >100  >100  >100  >100  >100  >100  100  >100  >100 to give an amorphous powder (3.3 g) of pure tetrodecamycin. The fractions which eluted toluene -AcOEt (1 : 1)
were collected and concentrated in vacuo to provide a AcOEt as colorless prism (0.32 g).
Physico-chemical Properties Physico-chemical properties of tetrodecamycin and dihydrotetrodecamycin are summarized in Table 6 . The antibiotics were soluble in MeOH,AcOEt, acetone, acetonitrile, CH2C12 and insoluble in hexane and water. Tetrodecamycin and dihydrotetrodecamycin gave positive color reactions to iodine and molybdophosphoric acid-sulfuric acid reagent, negative to FeCl3, ninhydrin and Rydon-Smith reagents. The molecular formula of tetrodecamycin and dihydrotetrodecamycin were established as C18H22O6 and C18H24O6 by HRFAB-MS, respectively. The UV spectra of tetrodecamycin and dihydrotetrodecamycin showed the characteristic ab- 
